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Assessment of variation in sensitivity and antioxidant characteristics of different mustard cultivars under dif-

ferent Cd stress levels

GUO Zhan—yu, ZHANG Zi—yang, JJANG Ya—hui, Altaf Hussain Lahori, ZHANG Zeng—qiang’, LI Rong—hua

(College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: Aiming to understand the variation in sensitivity of different mustard cultivars to cadmium (Cd) stress for screening the mustard
cultivars with high tolerance and accumulation of Cd and investigating the antioxidative and Cd accumulation characteristics of mustard cul-
tivars, 21 types of dominant mustard cultivars available in the domestic market were studied in pot experiments. The dose—response relation-
ship and the species sensitivity distribution model of the mustard cultivars with Cd stress were evaluated. Furthermore, the Cd accumulation
characteristics and the antioxidant enzyme activity of two representative mustard cultivars were examined in this study. The results showed
that the cumulative frequencies of species sensitivity distributions of Cd stress varied significantly (P<0.05) among the tested mustard culti-
vars. The growth of 17 kinds of mustard biomass was improved by 2.0%~30.5% under the low—level of Cd stress (<1.23 mg-kg™), whereas
excessive Cd stress(>6.90 mg-kg™) inhibited plant growth significantly. Among the 21 kinds of mustard cultivars used in this investigation,
JTN was the most Cd stress—sensitive mustard cultivar, whereas the BJ cultivar showed the highest tolerance. The content of malonaldehyde
enzyme (MDA ) in BJ was lower than that in JTN, whereas the content of the antioxidant enzymes (SOD, POD, and CAT) in BJ was higher
than that in JTN. Moreover, the bioconcentration factor (BCF) of BJ was larger than one for both roots and shoots. The highest Cd accumula-
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tion in shoots was 156.03 g« plant™, and the purification rate of Cd in soils was as high as 11.0%. Owing to the high Cd tolerance and accu-

mulation capability, the mustard cultivar BJ can be potentially used for phytoremediation of Cd—contaminated field soils.

Keywords: cadmium; mustard cultivars; species sensitivity distributions (SSD); antioxidant enzymes; accumulation characteristics
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Table 1 Basic physicochemical properties of the tested soils

RS pH  AMURE /% W% N/mg-kg” AL P/mg-kg" HA K/mg-kg" & Cd/mg-kg" DTPA-Cd/mg-kg" AR Cd 54 Cd /%

TO 8.37 1.26 55.76 99.17 285.3 0.12 0.013 10.8
T1 8.46 1.23 57.17 99.03 300.3 1.23 0.079 6.4
T2 8.37 1.21 56.79 98.61 308.8 3.94 0.331 8.4
T3 8.39 1.33 57.83 96.25 313.0 6.90 0.635 9.2
T4 8.28 1.29 63.18 97.93 310.4 12.31 1.092 8.9

TS5 8.30 1.40 68.05 99.44 345.6 43.90 4.971 11.3
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Table 2 The code,name and origin of test materials
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Figure 1 Dose—effect curves of different mustard cultivars under Cd stress
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Table 3 Toxicity thresholds of Cd to mustard cultivars based on biomass response and their 95% confidence intervals(mg-kg™)

FF ECs 95% EAFIXIA] || FF3ENFN ECs 95% EAFIXIA] || ISR ECs 95% A7 X[
JTN 12.16 8.00 ~ 23.73 BJ-3111 37.85 34.78 ~ 42.12 KTJ 28.25 17.51 ~ 80.15
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FJ-388 16.86 10.54 ~ 34.32 BJ-338 28.49 16.72 ~ 94.62 BJ 52.72 30.94 ~ 83.25
XXJ 18.40 11.04 ~ 47.39 FJ-002 28.61 16.87 ~ 85.49 s 28.14 17.19 ~ 67.27
7X 13.13 8.93 ~25.79 €C-602 29.89 17.83 ~ 87.08 W) 32.04 23.09 ~ 54.92
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Figure 2 Cumulative frequencies of species sensitivity
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Figure 3 Effect of Cd stress on malondialdehyde content and antioxidant enzyme activities of two mustard cultivars



2666

VRIEIN ity F3755 12

& RE(BCF) Ff% iz R EC(TEF) 43 1| S e 1 4
Py A X 1 I 4 e G AR RE RN I 4 AR
B B IR RE ) . LR 4 PRl B
4 Cd AN, PIRNIT % BCF A 2 R a3,
{HIEE S FP BY 19 BCF B 2R T 1, H B8 R F fUsdk
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e, H Cd AR S mBRAL AU Cd 2 r 10% A1
RO S Bl JTN 4 TF 76 TI~TS A B R ¥/ T 1, 3% ]
A2 R T SRR S RR BT Cd B [ R A0 X B AL, £

153 HAT/DER 4y Cd fig 38 2 AR BT 5 45 32 i 22 b 135S
MNTTE % Cd X HE 4 L 385 A W ad o T e i A
TESR o CAWFE (TS) T TF A /NF 1, X v GER K Ry i
WA O & T 2 e ), R EUE Y 2
CAdHIRE S TR, (HIRE90% DL F Ry Cdisye -3 R
PR EE G YL (Cd<1.5 mg-kg™)™, BJ (T 52 GE J1 7] LAST
G HEBEETE,

Cd FH B o S Bl T AR R IS i 47 Cd g g, LR
/NG RERR A PR RIRI R Cd & A BRI R . AN
5o TE R R B CA AR (T5) , B By H_E 3 Cd B 2
HIK 156.03 pe- ' (£ 5), B &Mt Cd M E FEHY
Je2% (142 pg BEM, bR nT VR 8 4 Ja T e 145

T4 CAMMETAMTENCGIESE BERZH(THNEERE(BCH) BLFREITE)

Table 4 Cd content, bioconcentration factor and translocation factor of two mustard cultivars under Cd stress (calculated by dry weight)

mAh RHERER ML EERSY Cd & i /mg kg MEES Cd it /mg kg S Cd /g - B Hb_FFB 453 BCF ML BCF TF
JTN TO ND ND ND — — —
T 0.87+0.26¢ 1.20+0.16d 3.79+0.96¢ 0.71 0.98 0.72
T2 2.66+0.57hc 3.82+0.77cd 11.31£2.20b 0.67 0.97 0.69
T3 3.76+1.11bc 5.52+1.25¢ 13.26+3.43h 0.54 0.80 0.68
T4 5.86+1.45h 9.60+1.50b 10.51£2.12h 0.48 0.78 0.61
T5 20.7123.83a 31.1722.97a 20.83+3.19a 0.47 0.71 0.66
BJ TO ND 0.36+0.28e 0.87+0.09d — 2.99 —
T1 4.00£1.13e 3.44+1.22¢ 16.14+4.18d 3.25 2.79 1.16
T2 12.602.67d 12.04+3.51d 57.20+11.23¢ 3.20 3.06 1.05
T3 21.7223.21¢ 20.9022.47¢ 77.4010.17b 3.15 3.03 1.04
T4 30.33+2.82b 30.08+2.51b 91.73+7.63b 2.46 2.44 1.01
T5 63.8526.10a 77.29+2.39a 174.13£13.97a 1.45 1.76 0.83

TE :ND F/8 & B 5 R BN I LR 22, =35 [ FA 6]/ NG B AN ) b BRI A7 6 SB35 22 57 (P<0.05,n=3) . T [dl

Note:ND indicates that the content is not detected ; mean=SD, n=3; Different lowercase letters in the same column indicate that there is significant differ-

ence between different treatments (P<0.05,7=3). The same below.

R5 CABMBTAFIFRI CAWRREER LT ENSLENBUTFRETHE)

Table 5 Cd accumulation and purification rate by two mustard cultivars under Cd stress ( calculated by dry weight)

LY bR Ho bR CA LR B /g #R RIS CABU R At /g R b EFRMAHE3/% AR %
JTN TO ND ND — —
Tl 3.32+0.99¢ 0.47+0.06d 0.9 1.1
T2 9.53+2.04b 1.78+0.36¢ 1.1 1.3
T3 11.63+3.41b 1.63+0.37¢ 1.0 1.1
T4 8.09+1.93b 2.41+0.38b 0.7 0.9
TS5 17.21+3.16a 3.62+0.34a 0.5 0.6
BJ TO ND 0.36+0.28d — 2.8
T1 14.45+3.97d 1.69+0.60d 8.6 9.6
T2 51.47£10.60¢ 5.75+1.68¢ 10.4 11.5
T3 70.13+10.33b 7.26+0.86bc 11.0 12.2
T4 83.50+7.70b 8.22+0.69b 7.6 8.4
TS5 156.03+14.90a 18.14+0.56a 3.1 3.5
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